Childhood gender nonconformity (femininity in males, masculinity in females) predicts a nonstraight (gay, lesbian, or bisexual) sexual orientation in adulthood. In previous work, nonstraight twins reported more childhood gender nonconformity than their genetically identical, but straight, cotwins. However, self-reports could be biased. We therefore assessed gender nonconformity via ratings of photographs from childhood and adulthood. These ratings came from independent observers naïve to study hypotheses. Identical twins with discordant sexual orientations (24 male pairs, 32 female pairs) visibly differed in their gender nonconformity from mid-childhood, with higher levels of gender nonconformity observed in the nonstraight twins. This difference was smaller than the analogous difference between identical twins who were concordant straight (4 male pairs, 11 female pairs) and identical twins unrelated to them who were concordant nonstraight (19 male pairs, 8 female pairs). Further, twins in discordant pairs correlated in their observer-rated gender nonconformity. Nongenetic factors likely differentiated the discordant twins' gender-related characteristics in childhood, but shared influences made them similar in some respects. We further tested how recall of past rejection from others related to gender nonconformity. Rejection generally increased with gender nonconformity, but this effect varied by the twins' sexual orientation.
Men who are more feminine and less masculine, in their behaviors, appearances, and interests than most other men can be defined as gender nonconforming; similarly, gender nonconforming women are more masculine and less feminine than other women (Lippa, 2005) . Gender nonconformity is more common in nonstraight (gay, lesbian, and bisexual) than in straight men and women, and this difference emerges in early childhood (Bailey & Zucker, 1995; Lippa, 2008; Rieger, Linsenmeier, Gygax, & Bailey, 2008) . Another line of research suggests that across men and women, genetic variation explains approximately 30% of the differences in sexual orientation (Bailey et al., 2016) . Furthermore, between 10% and 50% of the codevelopment of sexual orientation with gender nonconformity is explained by genetic variation (Alanko et al., 2010; Bailey, Dunne, & Martin, 2000; Burri, Cherkas, Spector, & Rahman, 2011) .
Because sexual orientation and gender-related behavior are not fully determined by genetics, genetically identical twins can differ in both their sexual orientations and their level of gender nonconformity. By self-report, twins with discordant sexual orientations differ in their gender nonconformity to a degree similar to unrelated straight and nonstraight individuals (Bailey & Pillard, 1991) . However, self-reports may exaggerate actual differences in gender nonconformity (Gottschalk, 2003) . We therefore examined whether identical twins with discordant sexual orientations differed in their observable gender nonconformity by evaluating photographs taken in childhood and adulthood. We further compared their difference in gender nonconformity to the difference between pairs where both twins were straight and pairs unrelated to them where both twins were nonstraight. Finally, we examined how social reactions during childhood related to gender nonconformity of these twins.
Sexual Orientation and Gender Nonconformity
Gay men, lesbians, and bisexual men and women report more gender-nonconforming behaviors and interests, on average, than straight adults of their sex (Lippa, 2008; Rieger, Linsenmeier, Gygax, Garcia, & Bailey, 2010; Swift-Gallant, Coome, Monks, & VanderLaan, 2017) . In one meta-analysis, gay men reported more feminine and less masculine interests and self-concepts in adulthood than did straight men; lesbians reported more masculine and less feminine interests and self-concepts than did straight women (Lippa, 2005) . These effects were large (1.28 Ͻ ds Ͻ 1.46, 1.18 Ͻ 95% CI Ͻ1.56; 0.60 Ͻ ds Ͻ 1.28, 0.50 Ͻ 95% CI Ͻ1.38; and .28 Ͻ ds Ͻ 1.46, 1.18 Ͻ 95% CI Ͻ1.56, respectively). These differences emerge in childhood; in another meta-analysis, gay men recalled more gender nonconforming childhood behaviors and activities than did straight men; the same was true for lesbians and straight women (Bailey & Zucker, 1995) . These effects were also large (d ϭ 1.31, 0.45 Ͻ 95% CI Ͻ3.08 and d ϭ 0.96, 0.26 Ͻ 95% CI Ͻ1.66, respectively). Moreover, gender nonconformity in childhood predicts gender nonconformity in adulthood, suggesting some developmental stability of the trait (Rieger et al., 2008) .
In adulthood, sexual orientation differences in gender nonconformity can be assessed by others on the basis of motor behaviors, speech patterns, and physical appearances, even if displayed for only a few seconds (Johnson, Gill, Reichman, & Tassinary, 2007; Rieger et al., 2010) . Observer ratings of adults confirm, in general, the link of sexual orientation with self-reported gender nonconformity. However, unlike the research on adulthood gender nonconformity, the majority of previous research on sexual orientation and childhood gender nonconformity has relied on retrospective self-reports, asking adults to recall their own childhood behavior. These retrospective reports may be subject to memory biases (Baumrind, 1995; Gottschalk, 2003) , and also be problematic simply due to their reliance on a memory system that was not fully developed at the time during which gender behavior emerged (Pillemer & White, 1989) .
One way to address the limitations of retrospective work is to conduct prospective research. Studies have followed children who were referred to clinics due to extreme levels of gender nonconformity and concern over their gender identity. In adolescence and adulthood, these groups were substantially more likely to identify as bisexual, gay or lesbian, compared with individuals who were not gender nonconforming in childhood (Drummond, Bradley, Peterson-Badali, & Zucker, 2008; Green, 1985; Singh, 2012) . One needs to be cautious regarding whether findings from clinical samples represent the relationship between these variables for most people. However, two longitudinal studies, using data from the general population, confirm that early gender-nonconforming behaviors (as early as 3 to 4 years old) predict a same-sex orientation in later life (Li, Kung, & Hines, 2017; Steensma, van der Ende, Verhulst, & Cohen-Kettenis, 2013 ). Such population-based, longitudinal work involves many logistical challenges. It takes years to conduct, needs hundreds of participants to capture enough with same-sex orientations, and can have substantial attrition rates. An alternative method is the assessment of gender nonconformity retroactively through the evaluation of information depicted in images from childhood. This method is free of the limitations of self-report (because it does not rely on subjective accounts), clinical samples (because it draws from a wider population), and longitudinal studies (because it does not take years to conduct). Research using this method also suggests that differences in observable gender nonconformity are predictive of an adulthood sexual orientation from ages 3 to 4 years onward (Rieger et al., 2008) .
Sexual Orientation of Identical Twins
Although monozygotic twins are genetically identical, their sexual orientations are not always concordant (Alanko et al., 2010; Långström, Rahman, Carlström, & Lichtenstein, 2010; Zietsch et al., 2012) . Across several representative samples, and across men and women, the concordance rate was estimated as 24%; that is, about 24% of nonstraight twins had a cotwin who was nonstraight too (Bailey et al., 2016) . In contrast, for the population as a whole, the occurrence of a nonstraight sexual orientation may be as low as 3.5% across both sexes, although other estimates suggest 7% in men and 13% in women (Gates, 2011; Savin-Williams & Vrangalova, 2013) . Thus, the chance of a same-sex orientation for cotwins of nonstraight twins is higher than that reported for the general population. Familial factors, including shared genes, likely influence the formation of a similar sexual orientation in these related individuals.
The aforementioned distributions of sexual orientations within identical twin pairs emphasize another pattern: A substantial proportion (76%) of identical twins who are nonstraight have straight cotwins (Bailey et al., 2016) . These twins are genetically identical and share many environmental influences. Thus, factors other than shared genes and shared environments, and which are unique to each twin, must account for their different sexual orientations. A study of such twin pairs could therefore point to possible effects of the unique environment on sexual orientation. Whatever these factors are, they could, in theory, also affect a correlate of sexual orientation, their degree of gender nonconformity.
Differences in Gender Nonconformity Within Discordant Twin Pairs
Although identical twins with discordant sexual orientations have been part of several behavioral-genetic studies (e.g., Alanko et al., 2010) , individual twins in these pairs were rarely systematically compared with respect to their degree of gender nonconformity. In one study of male pairs with discordant sexual orientations, nonstraight twins reported more childhood gender nonconformity than did their straight cotwins. The average difference was similar to that for unrelated nonstraight and straight men, suggesting substantial environmental (unique, nongenetic) effects on the link of sexual orientation with gender nonconformity (Bailey & Pillard, 1991) . However, this finding is subject to the potential limitations of retrospective self-reports. Self-reported childhood gender nonconformity was also assessed in female identical twins with discordant sexual orientations, but no information was given on their differences or how they compared to unrelated straight and nonstraight women (Bailey, Pillard, Neale, & Agyei, 1993) .
To avoid the drawbacks of self-report, the present study investigated possible differences in the childhood gender nonconformity of discordant twins by examining visual images from their childhoods. For unrelated individuals, sexual orientation differences in observable gender nonconformity, based on evaluations of visual images, emerge by ages 3 to 4 and carry into adulthood (Rieger et al., 2008) . If twins with discordant sexual orientations are like unrelated straight and nonstraight individuals, then differences in their observable gender nonconformity could emerge at ages 3 to 4 and remain present in adulthood.
Correlation of Gender Nonconformity Within Discordant Twin Pairs
Both straight and nonstraight individuals vary in their degree of gender nonconformity; some score high relative to others of their sexual orientation, others score low (Rieger et al., 2010) . These variations could be linked in related individuals. That is, familial influences (shared genes and/or the shared environment) could contribute to related levels of gender nonconformity. A nonstraight twin who scores high on gender nonconformity, relative to other nonstraight individuals, may have a straight cotwin who scores This document is copyrighted by the American Psychological Association or one of its allied publishers.
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high on gender nonconformity, relative to other straight individuals. This would result in a correlation in the twins' gender nonconformity, even if they differed, on average, in their gender nonconformity. In general, shared genes make people similar in their sexual orientation, gender behavior, and their coexpression, whereas the shared environment (any shared influences other than shared genes) does not substantially affect similarity in sexual orientation (Alanko et al., 2010; Burri et al., 2011; Kendler, Thornton, Gilman, & Kessler, 2000; Långström et al., 2010; Zietsch et al., 2012) . Other work points to shared environmental influences on the expression of gender behavior (Iervolino, Hines, Golombok, Rust, & Plomin, 2005; Knafo, Iervolino, & Plomin, 2005) . Thus, both shared genes and shared environments may affect twins' correlated traits.
Why, then, might twins have discordant sexual orientations but have correlated levels of gender nonconformity? One possibility is that different timing of exposure to androgens during fetal development affect the formation of sexual orientation independently from the development of gender-related traits (Bailey & Zucker, 1995) . Unique influences of androgens at one point in time could lead to twins' discordance for one trait (their sexual orientation), but shared androgen exposure at another time (and their shared genes) still result in related expression of another trait (their gender nonconformity). Thus, degree of gender nonconformity could codevelop in genetically identical individuals, even if they have discordant sexual orientations.
Although a correlation in self-reported gender nonconformity has been found for twin pairs with concordant nonstraight orientations, it was not confirmed for discordant pairs (Bailey & Pillard, 1991; Bailey et al., 1993) . Perhaps, discordant twins' genderrelated traits are, in fact, unrelated to each other. Alternatively, failure to find a correlation in discordant pairs may have been due to the aforementioned limitations of self-report. We therefore examined these correlations both via self-report and the evaluation of gender nonconformity from photographs.
A Comparison of Discordant and Concordant Twin Pairs
A parsimonious model assumes that differences in gender nonconformity within twin pairs with discordant sexual orientations are as strong as those between unrelated individuals with different sexual orientations. Self-report supports this hypothesis (Bailey & Pillard, 1991) . However, it is also possible that due to shared influences between twins of a pair, differences in gender nonconformity within discordant twin pairs may be smaller than those seen between unrelated straight and nonstraight individuals. That is, either because of their shared genes or their shared environment (e.g., shared prenatal hormones or shared parental influences on their gender-typed dress, behaviors, and activities) twins within discordant pairs may be more similar to each other in their gender nonconformity than are unrelated straight and nonstraight individuals. This could be the case even if nongenetic factors unique to each twin make twins within discordant pairs different to some extent in their gender nonconformity. We examined this possibility by testing within-and between-pair differences in gender nonconformity. That is, we first tested for the difference in gender nonconformity within twin pairs who were discordant for sexual orientation. We then compared this difference within discordant pairs to the difference in gender nonconformity between identical twins from pairs with concordant straight sexual orientations and identical twin pairs unrelated to them with concordant nonstraight sexual orientations. Because being an identical twin was held constant across participants, any differences across twin types could be more easily interpreted with respect to the twins' similar or dissimilar sexual orientations.
We also examined whether, as previously seen in self-reports, the correlation in gender nonconformity is weaker in discordant twin pairs than concordant pairs (Bailey & Pillard, 1991; Bailey et al., 1993) , or whether correlations are more similar across types of pairs if observer-ratings are used in order to examine such correlations.
Responses to Gender Nonconformity
Gender-nonconforming children can experience negative reactions and rejection from others (Maccoby, 1998; Smith & Leaper, 2006) . Peers can react negatively to gender nonconformity, and boys are especially critical about gender nonconformity in other boys (Wallien, Veenstra, Kreukels, & Cohen-Kettenis, 2010; Young & Sweeting, 2004) . Similarly, parents can be more detached and unsupportive if their children are gender nonconforming (Alanko et al., 2009; Landolt et al., 2004) . There are exceptions to these reactions. In one study on very feminine boys, who likely became nonstraight, the most feminine boys had mothers who responded less negatively, if not more positively, to their sons' gender nonconformity (Green, 1987) . However, the overall conclusion across research is that more gender-nonconforming children experience more negative reactions; moreover, gender nonconformity and negative parental reactions may, in part, reinforce each other (Alanko et al., 2011) .
Furthermore, because childhood gender nonconformity predicts adulthood gender nonconformity, adulthood gender nonconformity is also linked to past rejection from others (Rieger et al., 2008) . We therefore expected that in twins, higher levels of gender nonconformity in childhood and adulthood would relate to recall of increased rejection.
The Present Study
We recruited twin pairs with either discordant or concordant sexual orientations to assess their gender nonconformity via ratings of photographs and self-report. We examined whether nonstraight twins in discordant pairs were more gender nonconforming than their straight cotwins, the difference in gender nonconformity within discordant pairs was smaller than the difference between concordant nonstraight and unrelated concordant straight twins, gender nonconformity of nonstraight twins in discordant twin pairs correlated with the gender nonconformity of their straight cotwins, the correlation of cotwins' levels of gender nonconformity was similar for discordant twin pairs and concordant twin pairs, and This document is copyrighted by the American Psychological Association or one of its allied publishers.
higher levels of gender nonconformity across discordant and concordant twins related to recall of greater rejection by others.
Method
The University of Essex's Ethics Committee approved this study. The title of the approved project was "Gender Nonconformity and Sexual Orientation: Genetic and Environmental Influences" (Approval Number GR1303).
Recruitment and Participants
Twins. Advertisements for identical twins to participate in a study on sexual orientation were placed in the newsletter of the Department of Twin Research at Kings College London, on social media sites, and on three online news sites for gay men and lesbians (Gay Star News, Pink News, and Gay Times). We further recruited twins at three gay festivals. Each twin who contacted us was encouraged to recruit the cotwin. Twins self-identified as straight, bisexual, gay, or lesbian. They were asked twice during the study about their sexual identities, and all responses were consistent. The number of bisexual men and women (6 and 10 individuals, respectively) was low relative to the number of straight men and women (32 and 54, respectively) and gay men and lesbians (56 and 38, respectively). Furthermore, on 7-point Kinsey Scales (Kinsey, Pomeroy, & Martin, 1948) , straight participants reported exclusive or almost exclusive preferences for the other sex, gay men and lesbians reported exclusive or almost exclusive preferences for the same sex, and bisexual participants reported a stronger preference for the same sex than the other sex. For this reason, bisexual participants were grouped with gay men and lesbians into "nonstraight."
For twins with discordant sexual orientations, 24 pairs were male and 32 pairs were female. Four male pairs were concordant straight, 19 male pairs were concordant nonstraight, 11 female pairs were concordant straight, and 8 were concordant nonstraight (see Table 1 ). The number of male pairs who were concordant straight was low compared with the other categories. Analyses indicated that these men differed from concordant nonstraight twins (and from discordant twins) in interpretable ways. In this sense, their smaller number did not appear to be problematic; however, in the Discussion section, we speculate about why their numbers were so low.
Raters. Psychology students participated as raters of gender nonconformity for course credit. Twenty-five men self-identified as straight, 13 men as nonstraight, 77 women as straight, and 17 women as nonstraight. The higher proportion of women reflects that most psychology students at our institution are women. Ratings of gender behavior are minimally affected by the raters' sex or sexual orientation (Rieger et al., 2010) . This was also the case for present ratings (see the following text), and different sizes of rater groups did not appear to affect our findings.
Self-Report Measures
Twin zygosity. In addition to asking twins whether they were identical, five standardized items about physical and visual similarity were administered to establish zygosity; such measures have at least 95% accuracy (Kasriel & Eaves, 1976; Martin & Martin, 1975 ). An example question is, "During childhood, could you ever have fooled friends by pretending to be your twin?" Monozygotic twins had to score below 2, on average, to be considered for participation.
Gender nonconformity. The Childhood Gender Nonconformity Scale measured self-reported gender nonconformity during childhood (Rieger et al., 2008) . Both men and women were given seven items. Example statements are "As a child, I preferred playing with girls rather than boys" for males and "As a child I often felt that I had more in common with boys than girls" for females. Gender nonconformity in adulthood was assessed with seven items for each sex with the Continuous Gender Identity Scale (Rieger et al., 2008) . Example statements include, "My mannerisms are more feminine than those for most men of my age" for men and "I assume most people see me as more masculine than other women" for women. For all measures, items were endorsed on 7-point scales, with higher scores representing higher levels of childhood or adulthood gender nonconformity. For both discordant and concordant twins of either sex, internal reliability (Cronbach's alpha) exceeded .84 for both childhood and adulthood measures.
Parental and peer rejections. Parental rejection was assessed using a 10-item version of the Recollection of Early Childrearing Scale (Ross, Campbell, & Clayer, 1982) , measuring rejection versus acceptance by each parent during childhood. Example items include, "My (mother/father) wished I had been like somebody else" and "I think my parent was mean and grudging toward me." Responses of peers during childhood were assessed using 10 items This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
from the Mother-Father-Peer Scale (Epstein, 1983) . Sample statements include, "When I was a child, other children were often unfair to me" and "When I was a child, other children often picked on me." Items were rated on 7-point scales, with higher scores representing higher levels of rejection. Cronbach's alpha for all three measures of rejection exceeded .72 for both discordant and concordant twins of either sex. Across twins, the three measures were correlated (ps Ͻ .0001, .40 Ͻ rs Ͻ .52, .30 Ͻ 95% CIs Ͻ .62). In addition to separate results for maternal, paternal, and peer rejection, we also report results for a composite of "overall rejection" across these measures.
Procedure
Collecting data and photographs. Approximately one fourth of individual twins (47/196) completed the following procedure in the lab; the remainder competed it remotely. An online link to the self-report measures was given or e-mailed to each twin. It was stressed that answers should not be discussed with cotwins or others. Furthermore, participants were asked to arbitrarily select and send, at a minimum, one to three photographs from any available age from childhood into adulthood. This included photographs that were recently taken. There was no upper limit on the number of photographs. The context of the photographs varied. Most common were close-ups of the individual, followed by photographs taken at school, birthday events, and holidays. Twins were asked to identify themselves (and their cotwin, if depicted) in each photograph. The majority of photographs were cropped before they were rated by observers, so that only the individual twin was shown (without the cotwin or other people).
Twins as children. During childhood (defined as 0 to 15 years) the number of photographs of individuals within pairs was almost the same. Using pairs as units, the mean (standard deviation [SD] in parentheses) number of photographs was 14.86 (5.30), 12.06 (3.47), and 10.08 (3.47) for discordant males, concordant straight males, and concordant nonstraight males, respectively. The mean (standard deviation in parentheses) age in years in these photographs was 7.63 (5.02), 6.34 (4.93), and 6.60 (5.02), respectively. The mean (SD) number of photographs of female twins was 12.37 (3.54), 14.15 (5.20), and 9.14 (2.11) for discordant pairs, concordant straight pairs, and concordant nonstraight pairs. Mean (SD) ages in these photographs were 7.73 (5.01), 8.57 (4.76), and 6.89 (5.07), respectively.
Twins as adults. Ages in photographs from adulthood ranged from 16 (the legal age of consent in the United Kingdom) to 27. The number of photographs was almost the same for twins within a pair. With pairs as units, the average (SD) number of photographs was 12.02 (4.95), 10.13 (4.22), and 9.85 (3.50) for discordant, concordant straight, and concordant nonstraight males, respectively. Mean (SD) ages in the photographs were 21.86 (2.67), 22.50 (1.07), and 21.95 (1.99), respectively. For females, the average (SD) number of photographs was 12.92 (3.84), 14.80 (5.57), and 10.00 (1.87) for discordant, concordant straight, and concordant nonstraight twins. Mean (SD) ages were 22.15 (2.31), 21.33 (1.72), and 21.62 (2.60), respectively.
Ratings. Photographs were shown in the stimulus presentation software Inquisit. We sorted the photographs into eight sets: two sets showing female children, two with male children, two with female adults so consistent with order of words for sex and age period (e.g., female children), and two with male adults. For both discordant and concordant pairs, photographs of each twin were in separate sets than those of the cotwin.
In the lab, each rater viewed four sets of photographs (males as children, females as children, males as adults, females as adults) showing the same individuals in childhood and adulthood, but never their cotwins. That is, raters never viewed twin pairs together. Raters were neither told that those shown in the photographs were twins, nor that they varied in sexual orientation. The order in which sets of photographs were presented was counterbalanced across raters. Within each set, photographs were presented for 3 seconds each and in random order.
We used rating procedures that were similar to those that have previously resulted in reliable sexual orientation differences in observer-rated gender nonconformity (Rieger et al., 2008) . Raters of photographs were instructed to indicate their impression of each individual's appearance and demeanor in comparison to their impression of most people of this age and sex. For example, after each photograph of a boy, they were told to "rate whether this boy appeared or behaved in a more feminine or masculine way." Ratings were completed on 7-point scales. For photographs of males, the score of 1 was "more masculine," 4 was "average," and 7 was "more feminine." A reversed scale was used for ratings of females. Thus, for both sexes, 7 represented maximum gender nonconformity. Raters were told that they might see the same person more than once (because individuals provided several photos) and encouraged to judge photographs independently of each other. Ratings for each set took 10 min to 20 min.
Straight male raters gave lower mean (SD) evaluations of gender nonconformity than did nonstraight males, 3.51 (0.98), 3.65 (1.07), respectively; straight females and nonstraight females were similar, 3.60 (1.07), 3.59 (1.09), respectively. Although there was a significant difference, its magnitude was minimal (p ϭ .004, R 2 ϭ .002, 95% CI [.000, .004]). Furthermore, average evaluations from the four groups of raters correlated strongly with each other (ps Ͻ .0001, .73 Ͻ rs Ͻ .89, .71 Ͻ 95% CIs Ͻ .90). Across all raters, interrater reliability (Cronbach's alpha) exceeded .93 for each combination of twin type (discordant or concordant), sex, and period (childhood or adulthood). Hence, for each photograph, an average rating of gender nonconformity was computed across all raters.
Results

Do Twins of Discordant Pairs Differ in Gender Nonconformity?
Within discordant pairs, nonstraight twins could be viewed as more gender nonconforming than their straight cotwins. For each sex, a mixed-factorial regression analysis was conducted. The dependent variable was observer-rated gender nonconformity, across depicted ages (0 to 27 years). Independent variables were twins' sexual orientation and the age at which a photograph was taken. An interaction between sexual orientation and age tested whether differences in observer-rated gender nonconformity between straight and nonstraight twins changed with age. Twin pairs and individuals were included as random effects to account for dependency of the data within pairs and repeated evaluations of each individual across ages. This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. Figure 1A ). For females, nonstraight twins were also rated as more gender nonconforming than their straight cotwins (p Ͻ .0001, ␤ ϭ .23 [.15, .30] ) and an interaction indicated that their difference increased with age (p Ͻ .0001, ␤ ϭ .16 [.09, .24 ]; see Figure 1B ). Figure 1A further shows that for males, the confidence intervals for gender nonconformity of straight twins and their nonstraight cotwins separated at 8 years. For females, the separation was at age 6 (see Figure 1B) . Hence, differences in observer-rated gender nonconformity between twins with discordant sexual orientations became significant at these ages.
Analyses thus far focused on differences in observer-rated gender nonconformity as a function of age in the photographs. In the following, we examined main effects of sexual orientation on gender nonconformity for both observer ratings and self-report. These mixed-factorial analyses (including twins and individuals as random effects) were broken down by the two age periods (childhood and adulthood). In childhood, nonstraight twins were rated as more gender nonconforming than their straight cotwins. Figure 2 shows a simple illustration of these effects. On a between-groups level, Figure 2 indicates that some sexual orientation differences in observer-rated gender nonconformity were not significant; however, within twin pairs all differences were significant, as described in the preceding text.
Are Differences in Gender Nonconformity Smaller Within Discordant Pairs Than Between Concordant Pairs?
Shared factors could make sexual orientation differences in gender nonconformity within discordant pairs smaller than analogous differences in gender nonconformity between unrelated straight and nonstraight individuals. To test this possibility, we compared the magnitude of within-pair differences in gender nonconformity to the magnitude of such differences between unrelated pairs. That is, these comparisons involved twins from pairs who were concordant straight and unrelated twins from pairs who were concordant nonstraight.
We first focused on observer ratings of concordant pairs. We conducted mixed-factorial regression analyses for concordant twins similar to those previously described for discordant twins. For concordant male twin pairs, nonstraight twins were rated as more gender nonconforming than unrelated straight twins (p ϭ .001, ␤ ϭ .58 [.27, .89] ). An interaction of sexual orientation with age suggested that this difference between straight twins and unrelated nonstraight twins became stronger with age (p ϭ .0004, ␤ ϭ .14 [.07, .23]). Figure 3A shows that straight twins becoming less gender nonconforming with age, whereas nonstraight twins kept an intermediate level. This difference in gender behavior became significant between 1 and 2 years.
For concordant females, nonstraight twins were rated as more gender nonconforming than unrelated straight twins (p ϭ .006, ␤ ϭ .39 [.14, .65]). The interaction with age (p ϭ .06, ␤ ϭ .09 [-.00, .18]) indicated that differences between straight and unrelated nonstraight twins in observer-rated gender nonconformity became stronger with age. This difference became significant at 3 years (see Figure 3B) .
In a subsequent analysis, we compared this difference in gender nonconformity in concordant twins to that in discordant twins. In a mixed-factorial regression analysis, an interaction between sexual orientation and pair type indicated that the effect of sexual Figure 1 . Observer-rated gender nonconformity from photographs of (A) 24 male twin pairs and (B) 32 female twin pairs with discordant sexual orientations. For each photo, ratings of gender nonconformity were averaged across raters. Upper and lower triple-lines represent regression coefficients with 95% confidence intervals for nonstraight twins and straight cotwins, respectively. The x-axis represents the twins' age. On the y-axis, 1 is the least gender-nonconforming score and 7 the most gender-nonconforming score. Estimates are restricted to the age of 0 or older. Statistics represent the main effect of sexual orientation on gender nonconformity. This document is copyrighted by the American Psychological Association or one of its allied publishers.
orientation on observer-rated gender nonconformity varied between twins with discordant or concordant sexual orientations (p ϭ .02, ␤ ϭ .13 [.02, .24] ). This interaction can be interpreted by comparing Figure 1 with Figure 3 : Across males and females, the average difference in observer-rated gender nonconformity was weaker, and emerged at a later age, within discordant pairs as compared to this difference between concordant nonstraight and straight pairs. Observer-rated gender nonconformity from photographs of (A) 23 male twin pairs and (B) 19 female twin pairs with concordant straight or concordant nonstraight sexual orientations. For each photo, ratings of gender nonconformity were averaged across raters. Upper and lower triple-lines represent regression coefficients with 95% confidence intervals for nonstraight twins and unrelated straight twins, respectively. The x-axis represents the twins' age. On the y-axis, 1 is the least gender-nonconforming score and 7 the most gendernonconforming score. Estimates are restricted to the age of 0 or older. Statistics represent the main effect of sexual orientation on gender nonconformity. This document is copyrighted by the American Psychological Association or one of its allied publishers.
We then examined, similar to the previous comparisons within discordant pairs, main effects of sexual orientation on gender nonconformity for concordant pairs, looking at both observer ratings and self-report. For childhood, effects of sexual orientation on observer-rated gender nonconformity of males and females (p ϭ .004, ␤ ϭ .66 [.26 Figure 4 is a simple illustration of these findings. This pattern varied from that of identical twins with discordant sexual orientations, who were, at least in their childhood, less different in their observer-rated than self-reported gender nonconformity. Moreover, in discordant pairs, the difference by measures appeared to be driven by straight twins underreporting gender nonconformity, compared with how others rated them; for their nonstraight cotwins a difference by measure was not as apparent (see Figure 2) . However, additional analyses (not shown here) suggested that the stronger discrepancy between measures of gender nonconformity in straight twins than nonstraight twins was true for all straight twins and not specific to those who were discordant or concordant.
Are Twins of Discordant Pairs Correlated for Gender Nonconformity?
We next examined, for twins with discordant sexual orientations, whether the siblings were correlated in their degree of gender nonconformity. We conducted a mixed-factorial regression analysis, which tested for the correlation of gender nonconformity within pairs. Simultaneously, we tested for differences by sex, age period (childhood and adulthood), and measure (observer ratings or self-report) in this correlation. On average, the correlation of gender nonconformity differed significantly by measure (p Ͻ .0001, ␤ ϭ .15 [.10, .21] ). When broken down by measure, the correlations were stronger for observer ratings than for self-report (p Ͻ .0001, ␤ ϭ .47 [.36, .58 ] and p ϭ .06, ␤ ϭ .19 [-.01, .38], respectively). However, this difference by measure was further moderated by sex and age period. Table 2 shows that in male discordant pairs, and across age periods, observer ratings of their gender nonconformity were more strongly correlated than their self-reports. In females, stronger correlations for observer ratings than self-reports were found in childhood, but the effect was reversed in adulthood.
Are Correlations of Gender Nonconformity Similar for Discordant and Concordant Pairs?
In the next set of analyses, we compared the correlation of gender nonconformity within discordant twin pairs to this corre- This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
lation within concordant pairs. The focus, then, was the degree to which the siblings' correlation in gender nonconformity varied by twin type.
In the previous section, we reported correlations for discordant pairs. Next, we computed correlations of gender nonconformity for concordant pairs. For each sex, we combined straight and nonstraight pairs, because some pair numbers were low (see Table 1 ). To ensure that correlations in gender nonconformity were not enhanced by grouping concordant straight and nonstraight twins, we partialed out the effect of their sexual orientation. The computed correlations suggested that concordant pairs reported related levels of gender nonconformity, and that observers' ratings of them were similarly related (see Table 3 ). In contrast, for discordant pairs, correlations in gender nonconformity were generally stronger for observer ratings than for self-report (see Table 2 ). A mixed-factorial regression analysis suggested that this difference in siblings' correlations, depending on twin type and measure, was significant (p ϭ .004, ␤ ϭ .07 [.02, .11 
]).
Does Gender Nonconformity Relate to Rejection?
Our final prediction was that across discordant and concordant twins, higher levels of gender nonconformity related to recall of increased rejection by others. We first examined whether our measures of gender nonconformity could be collapsed into a composite score. Across individual twins of either type or sex, the four measures of gender nonconformity (observer ratings and self-report from childhood and adulthood) were significantly related, even after the effect of sexual orientation was partialed out (ps Ͻ .0002, .13 Ͻ ␤s Ͻ .54, .06 Ͻ 95% CIs Ͻ .64, respectively). Furthermore, across measures of gender nonconformity (observer ratings and self-report from childhood and adulthood), relationships with recalled rejection were similar in effect. For the sake of simplicity, we used a composite score of each twin's gender nonconformity across measures in the following analyses.
Across all twins, four mixed-factorial regression analyses were conducted. Each of the measures of rejection (from mothers, fathers, peers, and overall) was predicted by the twins' gender nonconformity, sexual orientation, twin type, and their interactions. We further tested whether these effects differed by sex. Twin pairs were a random effect. Table 4 shows that, in general, greater gender nonconformity was linked to increased rejection. However, the interaction of gender nonconformity with sexual orientation was significant (or close to significant) for maternal, peer, and overall rejection: The relationship of gender nonconformity with rejection was stronger in magnitude for straight twins than for nonstraight twins (e.g., for overall rejection, the separate effects for straight and nonstraight twins were p ϭ .0003, ␤ ϭ .57 [.27, .87 ] and p ϭ .02, ␤ ϭ .20 [.02, .38 ], respectively). Further, there was a tendency for an interaction among gender nonconformity, sexual orientation, and twin type: The link of gender nonconformity to rejection was strongest for straight twins of concordant pairs. For example, for overall rejection the effect for concordant straight twins was stronger than for the combination of all other twins (p ϭ .003, ␤ ϭ .73 [.28, 1.19] and p ϭ .004, ␤ ϭ .26 [.08, .44], respectively). There were no significant sex differences in these effects.
Discussion
On the basis of evaluations of photographs, nonstraight twins were rated as more gender nonconforming than their identical, but straight, cotwins. This difference emerged in childhood, but later than the difference between concordant nonstraight twins and unrelated concordant straight twins, and it was also smaller in magnitude. Twin siblings' levels of observer-rated gender nonconformity were correlated, and the correlation was similar for pairs with discordant and concordant sexual orientations. These patterns were somewhat different for their self-reports, partly because straight twins reported less gender nonconformity than what was observed by raters. Finally, in general, gender nonconformity related to recall of past rejection from others.
Possible Reasons for Differences Between Twins
Using a within-pair design, present findings suggest that identical twins with discordant sexual orientations visibly differed in their gender nonconformity from mid-childhood on (see Figure 1) . This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Given that certain types of information are not available in photographs and that identical twins look the same in many ways, the detection of a difference in gender nonconformity between straight twins and their identical, but nonstraight, cotwins seems especially striking. Factors other than genetics must account for this difference. These factors could be prenatal. About 30% of identical twin pairs develop with different placentas, which could lead to varied hormonal exposure and different epigenetic effects (Patterson, 2007) . Both of these factors could be relevant for their development of different degrees of gender nonconformity and discordant sexual orientations, as it is possible that epigenetic mechanisms mediate long-term effects of hormonal expose on the formation of sexual orientation (Ngun & Vilain, 2014) . Different social influences could also lead to discordant sexual orientations and gender behaviors in identical twins. However, evidence for socialization effects on the origin of sexual orientation is weak (Bailey et al., 2016; Rahman, 2005) . Our data suggested that, across all twins, gender nonconformity related to self-reports of past rejection from others (see Table 4 ). In this sense, it is unlikely that the social environment encouraged one twin over the other to become gender nonconforming (or, subsequently, nonstraight). However, rejection from others was more strongly related to gender nonconformity of those who became straight than those who became nonstraight. It is difficult to understand how this finding might relate to the development of discordant twins because it seemed to be somewhat driven by the effect found in concordant straight twins. Yet, some speculation might be insightful. One study suggested that boys who were particularly gender nonconforming had mothers who were more tolerant of these behaviors (Green, 1987) . Perhaps, in some cases, reactions to gender nonconformity are less negative, for example, if parents conclude that they cannot change these behaviors because they notice that the child will become nonstraight. In contrast, children who are expected to become straight and to follow traditional gender norms may experience harsher reactions if they exhibit gender nonconformity. Such differential reactions could foster gender nonconformity in children who become nonstraight, whereas they might suppress it in children who become straight.
Possible Reasons for Similarity of Twins
Identical twins with discordant sexual orientations were in two respects similar in their observer-rated gender nonconformity. First, their differences were generally smaller, compared to the difference between concordant straight and unrelated concordant nonstraight twins (see Figures 1 and 3) . Second, discordant twins correlated, in general, in their level of observer-rated gender nonconformity (see Table 2 ). That is, those nonstraight twins who were more gender nonconforming than other nonstraight twins tended to have straight cotwins who were more gender nonconforming than other straight cotwins.
The present research does not provide information on the exact influences that made twins similar to each other. Given previous research, approximately 30% of the variation in gender nonconformity is explained by genetic variation (Burri et al., 2011) , suggesting that shared genes can lead to a shared expression of gender nonconformity. Moreover, variations in genes contribute between 10% and 50% to the covariance of sexual orientation with gender nonconformity (e.g., Alanko et al., 2010; Burri et al., 2011) . Thus, the twins' shared genes could make them similar in their gender nonconformity, but this must not result in identical sexual orientations. As aforementioned, it is also possible that different exposures to androgens during early development resulted in the twins' discordant sexual orientations, whereas similar exposure to androgen during later development, in addition to shared genes, yielded a similarity in their gender nonconformity (Bailey & Zucker, 1995) .
Socialization could also contribute to similarity in gender behavior. Identical twins may share environmental influences that are unique to their twinship . For example, parents may emphasize their similarity by dressing or posing them in a coordinated manner. Twins themselves may coordinate their appearances (e.g., by wearing similar clothing) and behaviors (Kendler & Gardner, 1998; Rose, Kaprio, Williams, Viken, & Obremski, 1990) . Perhaps, then, one twin who was gender nonconforming in childhood and became nonstraight influenced the straight cotwin to be more gender nonconforming; and, conversely, perhaps the straight twin affected the nonstraight cotwin to This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
express less gender nonconformity. These influences could result in a reduced distinction between the twins and a stronger coordination of their gender-related traits. Discordant twins differentiated significantly in their gender nonconformity between ages 6 and 8, and later than straight versus nonstraight concordant pairs, who differentiated between ages 1 and 3 (see Figures 1 and 3) . This is consistent with the hypothesis that discordant twins are more similar to each other than unrelated individuals. Yet, one must be careful in interpreting exact ages for these differentiations. First, in discordant pairs, the confidence intervals for these differentiations included the ages of 3 to 4, the suggested age for such differentiation between unrelated straight and nonstraight individuals (Li et al., 2017; Rieger et al., 2008) . Second, for male concordant pairs, this differentiation in gender nonconformity was earlier than the suggested age of 3 and whether this unexpectedly early differentiation is robust is unclear.
Observer Ratings and Self-Report
The discussion thus far has focused on observer ratings of gender nonconformity. Findings were somewhat different for selfreported gender nonconformity, which showed larger differences between discordant twins and were less correlated within discordant pairs, compared with observer ratings. These findings for self-report were comparable to previous results based on selfreports from discordant twins (Bailey & Pillard, 1991; Bailey et al., 1993) . Within discordant pairs, average discrepancies between observer ratings and self-report were more pronounced in straight than nonstraight twins (see Figure 2 ). Because these straight twins have closely related siblings (i.e., twins) who are nonstraight, it is tempting to suggest that, perhaps unaware to them, they have a predisposition to a same-sex orientation that has not fully developed, but is expressed in its correlate-their visible gender nonconformity. Yet, this discrepancy between observer ratings and self-report was also found among concordant straight twins. For straight twins in concordant pairs, this difference by measure cannot be explained on the basis of an unknown predisposition to a cotwins' nonstraight sexual orientation, because their cotwins identify as straight too. A more reasonable interpretation is that straight participants, independent of whether they had nonstraight relatives, were less likely than nonstraight participants to realize or acknowledge their level of gender nonconformity (Gottschalk, 2003) .
The Utility and Limitations of Using Photographs
The present study used an uncommon method to assess gender nonconformity-via the evaluations of photographs. Of course, photographs do not encompass all facets of gender nonconformity. For one, some aspects of self-perceived gender nonconformity, including feelings and self-concepts, may not be captured at all in photographs, whereas they may be effectively covered with selfreport. Furthermore, other-perceived gender nonconformity includes not only appearance but also gesture and posture, voice patterns, expressed interests, and activities (Rieger et al., 2008; Rieger et al., 2010) . The images used did not provide sound; and gesture, posture, or activities, if evident, were static. For this reason, we had also asked twins to provide videos. However, only one pair provided one video from adulthood, whereas all twins readily provided photographs taken at several ages. We compensated for this loss of information in photographs by asking participants for several photographs across the ages. Twins in the current study provided almost five times more childhood photographs (12.00 per participant, on average) than participants in a previous study provided childhood videos (2.50 per participant, on average, Rieger et al., 2008) . Likewise, in adulthood, the average number of photographs (11.67) greatly exceeded the one video taken from each participant in the previous study. Hence, the several photographs of the same twin potentially increased the chance to detect reliable signs of his or her gender nonconformity.
Furthermore, the several facets of gender nonconformity (appearance, movements, voice patterns, interests, and activities) are modestly related (Rieger et al., 2010) . Perhaps for this reason (in addition to the several photographs per participant) present effects of sexual orientation on observer-rated gender nonconformity, using photographs, were similar to the previously reported effects using ratings of videos (which included sound and movements; Rieger et al., 2008) . For example, for unrelated straight and nonstraight individuals, the main effect of sexual orientation on observer-rated gender nonconformity from ages 0 to 15 was comparable (p ϭ .001, ␤ ϭ .37 [.17, .59] , and p Ͻ .0001, ␤ ϭ .38 [.23, .53 ], respectively).
Still, we do not know the exact features raters focused on. Informal discussions with raters indicated that they evaluated appearance (e.g., clothes or make up), behaviors (e.g., posture, facial expressions, and body language), and activities (e.g., handled toys). They relied more strongly on appearances because behaviors and activities were less easily detectible or not present. Several components of appearance may be influential. A gendernonconforming self-presentation may, for example, include a short haircut on nonstraight females or stylish dress for nonstraight males (e.g., Krakauer & Rose, 2002) . Nonstraight individuals can also be sex-reversed in sex-dimorphic facial features such as the structure of the nose or chin (Skorska, Geniole, Vrysen, McCormick, & Bogaert, 2015) or in their height, bone structure, and body shape (Martin & Nguyen, 2004) . It is therefore possible that in the present study, style, morphology, and anatomy all contributed to evaluations of gender nonconformity from photographs.
Another limitation is relevant particularly for our analyses of correlations. Identical twins are very similar in their overall appearance, especially when they are young. Perhaps correlations between siblings in their observer-rated gender nonconformity were inflated because the ratings reflect assessments of not only gender nonconformity but also other aspects of appearance. We aimed to avoid such a confound. Raters were unaware that they were evaluating twins, rating each twin of a pair independently, without seeing both members of the pair, and with explicit instructions to focus on masculinity and femininity. Because observer ratings related to the twins' self-reported gender nonconformity, these observer ratings seemed valid on a general level. However, this relationship with self-report was not perfect. Hence, we cannot rule out that observer ratings were, on some level, affected by unwanted effects and that unknown aspects of appearance, which made cotwins similar, inflated correlations of observer-ratings within pairs.
On a different note, the Internet made it easy to share photographs, without most twins being required to visit the lab or use physical mail. This was a true benefit because this research foThis document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. cused on a rare group, with several twins living far from the lab, and we wanted to minimize attrition. In sum, we believe that evaluations of photographs offer an effective mechanism for studying the link of sexual orientation with observable gender behavior.
Further Limitations
Another limitation of the present study was the small number of male twins who were concordant straight (four pairs). Statistically, several interpretable effects involving these twins were detected. Moreover, comparisons of such twins with discordant twins have not been made before. In this respect, the inclusion of these twins was informative, despite their low numbers. However, one should consider why their numbers were low. In our experience, straight males are less interested in participating in research on sexual orientation compared with other groups. Furthermore, with our recruitment methods (e.g., advertising for participation on gay news sites) straight twins are less easily reached than nonstraight twins. We aimed to compensate for this by further recruitment via a twin registry and social media sites, but here, too, the advertisement pointed to a study on sexual orientation. In discordant pairs, nonstraight twins may have motivated the straight cotwins to participate. In concordant straight pairs, encouragement by a cotwin seems less likely. This limitation could be overcome by advertising broadly for research on twins without disclosing the nature of the study. Yet, this would likely yield small numbers of the rarer groups, concordant-nonstraight and discordant twins. Ethically, this approach is also problematic, especially when participants share personal information, including photographs.
Another limitation is a potential participant bias in selecting photographs. For example, if participants felt the need to confirm stereotypes associated with their sexual orientation group, straight twins may have predominantly chosen photographs that made them appear gender conforming, and nonstraight twins may have predominantly chosen images that made them appear gender nonconforming. In order to minimize the risk that such bias affected findings, we asked participants to send any photographs, regardless of quality and content, and we did not explicitly tell participants that this study was on gender nonconformity and sexual orientation.
A further limitation was the measure of zygosity. We used questions which have previously shown at least 95% accuracy in assessing zygosity when compared with genotyping (Kasriel & Eaves, 1976; Martin & Martin, 1975) . For the majority of individual twins, their average scores were below 2, suggesting monozygosity. However, individual twins from three pairs who identified as "identical" scored 2 or higher, suggesting dissimilarity with their cotwin. For these pairs, zygosity was reassessed by recontacting both twins, by observing them when visiting our lab, and by examining their photographs to confirm that they were likely identical. A superior method to assess zygosity would be DNA analyses, for example, from saliva samples.
Another limitation concerns statistical power. No significant differences in observer-rated gender nonconformity were found in discordant twins for ages 3 to 4, the predicted age range for such differentiation. For discordant twins and this age range, we had collected 22 photographs from straight males, 23 from nonstraight males, 34 from straight females, and 35 from nonstraight females.
Because nonstraight twins appeared slightly more gender nonconforming than their straight cotwins at that age, although not significantly so, perhaps a larger sample of photographs would elicit significant differences. Notably, for concordant twins at this age, we had 13 photographs from straight males, 27 from nonstraight males, 18 from straight females, and 13 from nonstraight females. Hence, concordant twins provided fewer photographs at that age than discordant twins, on average; still, significant differences emerged by that age for them.
Conclusion
Identical twins with discordant sexual orientations visibly differed in their gender nonconformity, starting in childhood. Moreover, the method used-the evaluation of gender-related characteristics seen in photographs-pointed to subtle similarities of these twins, possibly because of shared influences. With the increased collection of data through twin registries, it may become possible to examine these patterns longitudinally in more detail and to identify factors that affected the twins' similar and dissimilar development. Thus, further studies of twins with discordant sexual orientations, which go beyond self-report, will provide a unique window into the developmental of sexual orientation.
